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GZXWZRALIZED PERFORMANCE SELECTION CHARTS FOR

.‘SINGLE-ENGZNE .PURSUIT AIRPLANES
,

By H. Reese Ivey, George W.”Stickle, and Maurice J. Brevoort

SUMMARY

The NACA has carried out an investigation of the effect

of wing loading, power -loadLng, and aspect ratio on the per-

formance of pursuit airplanes. The study is based on data

combined from speclflcatlons, wind-tunnel and flight tests

of various modern fl~ter airplanes, and the results are

pre~ented on Eraphs that show the performance that may be

obtained by airplanes having an aerodynamic cleanness that Is

approximately the best found in present production airplanes.

For the purpose of this report, the charts are prepared

for airplanes powered by one 2000-horsepower radial air-cooled

engine, but are placed on coordinates that allow their use

for airplanes of-different power for the determination of

trends.

INTRODUCTION

The NACA In cooperation.with the

made R study in which bomber airplfme

military services has”
#

perfomnmzce-has been ‘“”

graphically relaiad to”bomber ~arameters. “ These” studtes

were basgd upon statiatloal Lnfarmatlon obtained on existing

military bomber ~es. The present report continues this

.
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study in regard to sfngle-e~ine pursuit airplane performance

based upon statistical informat~on on military pursuit

airFlanes.
.

In reference 1 it was shown that airplane parameters
,

are divided Into two groups:

Primaq (dimensional) Secondary (efficiency)

Altttud.e Engine economy
Power Aerodynamic efficiency
Gross weight Structural efficiency
Y;lngarea

‘1’herej>ortsof references 2, 3, 4, 5, and ; ~clatcd

bomber performance to the prirary parameters while the

secon3~ry paliameters were held const-.nt. Reference 1

examined the effect of magnified variations of the secondary

or.efficiency parameters wh~le tb.eprimary parameters were

held constant. The present report relates the primary

paramfiters of pursuit airplanes to their perfor?iance whi16

the secondary or efficiency parameters aro held constar.t~

I’m this analysis the power is taken as”2000 brake horse-

power and the altitude, gross weight, and wing area are vhried.

The efficiency parameters are selected to be co.nparahle to

latest production purtiuit airplanes; therefore the charts are-”--

useful in determining approximate performances that may be

realized today. The performance characteristics that are

related t% tlieabova parameters are: speed, rate of cllmb,

take-off distance, rate of roll, radius of turn, and time



i,
-3-

to turn. The report is roughly divided into twb”parts:
-.

(1) tfi~e~iticio-f’W’in~-loading, power loadhg; and dimensions

.
•. on the general trends of performance of pursuit airplanes and
;
,#4 (2) the effect of varying the wing area and aspect ratio of c
●

a given airplane with a fixpd load, permitting changes in the
*

wing and power loadings acoording to-those required for- . .

structural weight variations. The pursuit airplane differs
.+

from the bomber in that its gasoline and bamb loads are fixed

at a minimum to permit high rate of cltmb and fireatmaneuvera-

bility; therefore, the second part of the report is made a

necessary addition since the chan~e in structural vvei~>t cannot

alter this load as was done in the Fomber study.

The main purpose of this report Is to show the trends

of performance In a convenient .grarhlcal fsrr.1that may be

used without laborious computations. The reoults of the

analysis are presented in the form of charts which are

discussed in the body of the report. The assumptions upon

which the charts are built are given in appendix A, the formulas

used are given in appendix B, and a discussion of the limita-

tions of the charts is given in appendix C.

The charts are arranged as follows: “

Figure. . Subject Altitude Coordinate system
(rt)

l(a) Composite selection chart sea levf31 W/P versus W/S
l(b) -----------do ------------ 15,000 Do ●

:~o] -----------do ------------ 25,000 DO ●

----”------do ------------ 40,000 Do,

Ii .. . . . .- ----- — ,,.,,
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Figure
. -.‘%

2’(a)
2(b)
3(a)
3(b)
3(c)
3(d)
4(a)
4(b)
4(c)
4(d)
5(a)
5(b)
5(c)
5(d)
6(R)
6(b)
6(C)
6(d)
7
8
9

10(a)

10(b)

10IC)

10(d)

10(e)

lo(f)

1O(I3)

n(a)

Subject

Take-off run
----------eon ------------

Rate of climb
-----------do, -----------
-----------do, -----------
-----------do ------------

High spe”ed
-----------do.----------=
-------=---do ------------
-----------$3------------

Radius of turn
-----------do------------
----,-------doo-----------
-----------do ------------

Tir,~eto turn
-----------do ------------
-----------do ------------
-----------do ------------

liei~hfivariation
llollinfivelocity

Rolling velocity with a
30-pound ~tick force

The effect of aspect
ratj.oon power loadlng
(Constant loads)

The effect of aspect
ratio on take-off. run
(Airplane A)

Yhe effect of aspect
ratio on rate of climb
(Airplane A)

The effect of aspec”t
ratio on hi h speed
(Airplane A7

The effect of asp’ect
ratio on radius of
turn (Airplane A)

The effect of aspect
ratio on the to turn
(Airplane A)

The effect of aspect
ratio on rolling
(Airplane A)

The effect of wln~
loadinK on take~off
run (Airplane.A) .

Altitude
(ft)

sea level
5,000

sea level
15,Oco
25,000
4C,000
sea level
15,000
25,000
40,000
sea level
15,000
25,000
43,000
ma level
15,0C0
25,000
40,000

any altg
---dot---

all alt.

any alt.
soa level
and
!5,000

all alto

---do----

---”do----

---doa---

---do,---

sea level

!J/Pversus lifi~
Do.
20 ●

Do,
Do,
no ●

Do,
Do.
30.
JO*
&
30.
Do ●

Do ●

30.
Do.
Do ●

Do.
20.

pfVOTSUS b, ~dvmph

Do ●

W/P versus R

s vercus R

Vc versus R

%ph versus R

t versus R

pl v$rsus R

“s”versus iY\S
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Figure
b> . ... . .
i.

I
(“ n(b)

d 11(C)

*

n(d)

n(a)

n(f)

11((3)

a

b

c
<

CD

CD~

%~

CL

1)

% %$

e

F

K

..,
a

Subject
,. ,.,,.. eh.

Thk effect Of wing load-
ing on rete of ~llmb
(Airplane “A)

The effect of wing load-
in~ on high apeed
(Airplane A)

The effect of wing load-
il~ on radius of turn
(Airplane A) ~

The effect of wing load-
ing on time to turn
(Airplane A)

The effect of Mng load-
ing on rolling
(Airplane A)

The effect of wing load-
ing on rolling with a
30-pound stick force
(Airplane A)

SYMBOLS

Altitude Coordlnats system “
.(ft) ....... r

all alt.

---do----

---do;---

---do----

---do,---

---do----

Vc versus W/S

Vnph versus W/S .

r versus V7/S

t versus M/S

pt versllsW/S

Do.

acceleration, feet per second per cecond

wln~ span, feet

speed Of’ sound, feet per second

dra~ coefficient

induced-drag coefficient,
C&
eWR

profile-drag coefficient .m

lift coefficient

drag, pounds

landing-gear drhg, pounds

span efficiency factor

frontal.area of fuselage, square feet

experimental constant
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1 lift, pounds “

jD lift to drag ratio

-.-#1 Idachn~unber, v/c

P englae brake horsepower

P rate of roll, radians per

pf mte of roll, decrees per

second

second .

P= excess brake horsepower Por clirlbing

?j en&e coolir.? thrnst horsepower

P. thrust hov~epowe~ req’llredfor p:mpin~ engine

coollrq~ air .

q clyna~,icpras~ure of’the ~ir strem, (+@) ) ~o;’ndg

per square

ql q corrected

r

r~

ra

R

~

s

t

T

To

v

Vc

rad~us of turn, fe~t

minimum radius of steady turn, feet

mintiwl radius of accelerated turn, feet

aspect ratio, b2/S

take-off distance, feet

wi~ area, square ffiet

time to turn, seconds

propeller thrust, pbunds

temperature, ‘Rackine

airplane speed, feet per .~econd
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.

1! gross weight, pounds
.. . . .- . . ----

n“ pro~eller ei’flcii~cy ‘ ‘“ ‘ ‘-

P air density, slugs per cubic foot

w rolli~ friction coef’f’tcient

PRESENTATION Or FIGURES

Selectlon,Charts. - Performance selection charts for .

single-en@ne pursuit airplanes powered by a 2000-horsepower

engine.are plven for four altitudes (sea level, 15,000 feet,

25,000 feet, and .40,000 feet) in figure 1. These charts are

drawn on the coordinates of the airplane wing and power loading.

They present performance curves of speed, rate of.climb, take-

off distance, mir.irnm radius of steady turn at constant

altitude, and minimum time to turn 360°. Usin[~ the

weight fornula of appendix 3, the pro~s weight of many .alrplanes!

Is conputed for constnnt internal loads (the internal loads

are considered to be the gross wetght minus structural weight);

the loads are expiessed as a power loadinfi, l’i5/P, ,andare

plotted on the selection charts to indicate the available

airplane power loadin~ for a given load and wing loading,

A combination of tha weight curves and the performance curves

permit the detenination of the effect of changing the wing—.

.
area of a Riven airplane on Its performance. . Each of these

performance and weight curves are given in more detail as a

function of wln~ and power loading in figures 2 to 7.
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!N1ovalues OS the efficiency parameters used in the con-

struction of’these charts correspond to thg best present-day

production airplanes and therefore they are useful in obtainhg

a rough appr~ximation to the available performance of pursuit

airplanes with a given set of primary paraneterst ~o~8

exmnpl.e,If It 1s destred to detemine approximately the

perfor~lance of a pursu?.t airylane with a wine loading of

40 pcunds per square foot.mld a power loading of 6 pounds per

horsepawcr with an engfne suparchnrced to 25,000 i’06t altitude,

the performance may be read either from figure l(c) or i.nrmre

detail in fi~ures Z.to 8. For airplanes havhg 20C0 horse-

px:er wfi

The

1.

2.

3.

4.

5.

6.

have W = 12,000, S = 300; cndb = 41.5.

perf’ormance-estimates obtia~ned are:

Eiqh speed, 435 miles per hour

Rate of climb at 25,000 feet altitude, 2250 feet por

nlxmte

Take-off run ut sea level, 1270 foot

Minimum radius of steady turn at 2.5,000feet altitude}

2250 feet

Xinlrnum tine to turn 360° at 25,CO0 feet altltude,

43 seconds

Rata of roll at 400 niles par hour at 25,000 feet

altitude, 6S0 per second
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Rate of roll. - Unlike the other performances, r~te of’

-,
i~olll~-tiot’a’func.tion ofJengine-power or.airplane weight and

1
‘1 therefore it 1s not useful to plot this performance on the

coordinates of w:ng and power loading.” The actual rate of

roll of an airplane Is dependent upon many factors that cannot

be simply represented In chart form,for example,a the aero- “

dynamic and nechatical balance of the ailerons, the aileron

effectiveness, the wing stiffnesg, and ~.oment of inertfa about

the rolllng axts. However, certain general trends of this

performance ck~racterlstlc may “~e conveniently represented

in three-dlnensional graphs, if ~apreqentative values of the

abova effects aro taken from experience on airplanes.

The geometric relationship of the helical path of an

airplane in a steady roll may be

~ =~
2V

3y assigning values to K,

written in the form

this relationship may be

shown as surfaces on three-dimensional plots. It has been

found that the value of this consiant for a representative

pursuit airplane is K = 0.084. This surface is plotted in

figure 8 on the coordinates of wing span in feet, airplane

forward speed In niles per hour, and rolling velocity in

degrees per second. TO obtain the rolling veloc:ty for any

other value of K, the values of rollfng velocity from fig-

ure 8 may be nultiplled by the rcitio of’ values of K.

.

,. ..-
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This relations~p must be modified in the actual airplane..b.-

by the stick force the “pilot can exert. If the values obtained

on the ssme representative pursuit airplane are used to fix

the degree of aerodynamic balance, a new surface may be placed

on these three-dimensional ploto by fixing values of altitude

&nd aspect rat~o. (See appendix B for methods of analysis. )

Figure 9 shows these double surface plots for

with an aspect ratio of 5.75. These surfaces

the planes through the coordinate axes form a

planes are passed through this volume and are

various altitudes

combined with

volume. Several

shown sheded in

each Dart of’figure 9 in order to silowthe rolling performance

of representative airplanes as a function of speed.

Since the time required

maximum rate of roll is very

speeds at which rate of roll

for an airplane to reach its

short, particularly at the high

seems important, the initial

period of acceleration is neglected and cnly steady rolling

is considered. It is worth while to understand the limita-

tions on the airplane under these conditions. At low nir-

speeds, the pilot can deflect the ailerons fully and roll at

a given helix angle in which caso the rate of roll varj.es

dir6ctly with speed and inversely with span, being independent

of wing area. .4tvery high airspeeds the limitation on stick

force determines the rate of roll; for airplanes having a

constant aspect ratio the”maximum rolling velo”city varies

inversely with speed and inversely as the fourth power of the

span or inversely as the square of the wing area.
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Hffect of aspect ratio of airplane A . - The c-~ee of—— ——
....-. ..... . . -.,,.
perfo~mance due to a ch&ge In the aspkct-”ratf.oof the wing

of a ~iven airplane 1s shown in figuro 10. The airplane

chosen for the e:-xunpleis shcwm on fZguro 1 as.a!rplane A,

lo~ding of’6 pounds per horsepower and a wingIt -hasa power .

ioadtilgof 40 pounds per square toot, whicY~for this stud~

corresponds to a gross viei~~tof 12,000 pouxds with 300 square

feet of wi~. area.

The variation in the power loadin~ due to the change In

In the stl~dyof the other performance characteristics it

should be remembered that this change In structural we~rht

increases the ponor loading at high aspect ratio. The

optimum aspect ratio for any performance is obtained by the

best balance between this structural e~fect”and the effect

of aerodynamic considerations. A study of figure 1O(C)

showing the eff6ct of aspect ratio on rate of clfi.bshould

suffice to explain this type of chart. In addition to

airplane A, two otk.erarbitrary airplaneS (As and 1.6)are

spotte”don the fi.fiure. It is seen tlhntairplane A has alnost

the optimum aspect ratio for climbln~ at 25,000 feet. If

the aspect ratio is increased to that of airplane A5, the

rate of climb is”less because the extra structural wei~t

more than offsets any gain in aerod}mamic efficiency. If

the aspect ratio is reduced to that of airplane A6, the
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rate of clir,bis less because the decrease in aerodynamic

efficiency more than offsats the effect of lighter

wei.@ts,

Effect of dcslgn wlnc loading on pertormancec

change of performance due to a chhnce in wfng area

A is Hlven in Sigurg 1!1. The power los.d?.nrbased

structural

- Z%e

~f a~rplan~;

on internal

loads only (no structural weiphts) is kept constant at 4.03.

The dashed line in fi~lre 7 gives the connection betveaa the

power loading of the ~lrpl~ne and the resulting ‘::inflloading

es the wing area is vmied. It should be renwi!berod for

the purpose of this section that the airplane with a 12@t

wing loadin~ 1s V-e&viar th,anthe airgl~ne %:tths hlch wi~

loading.

.4study of fi~re Ii(b) is helpful in ur.derstandin~ the

figures showin~ the effect of w!n.gloud.irigon performance.

One conclusion easily drawn is that small chances in wing

area (and hence wing loadi~) have very little

of clinb at sea level, but at Mgh altitudes a

loadinflIs helpful.

PZFENXU!ANCETI’U3TDS

In order to study the trendg in perf.qrmnce as affected

by cha~es in loads, vinfl area, and po’:lerlosdinr, s~ver~l

airplanes are spotted on f’ifiure7. The perfar.mance of each

is tabulated :n the followinC sections, for airplanes lMVinG

2000 horsepower. The basis of ccwparison %s airplane A
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wlth W = 12,000, S = 300, R = 5075. The rate of roll is
. . - - ..

gi’%;enat 400 miles per hour””true airspeed, and all take-off

runs are at sea level.

The effect of removing a lCOO-pound load. - Airplane Al

is obtained by removtng a load of 1000 pounds from airplane A

thus obtaining Vf= 11,000, S = 300, R = 5.75. The following

tablas can be used for comparison of airplanes A and Al.

Comparisonof 1.and Al at sea level

:.ir@aneA ho 6.0 )11.51270 3075 355 JJ20 560 19,2
.H.rolnneAl 36.7 5.5 U-.51050 ;joo 35;~ 305 500 17.5
;L#i .$?2 .92 1.0 “ .a3 1.14 . .92 .87 .91

Comparisonof A and f-lat 15,000feetaltitude
—

31
31
1.0 “

Comparisonof A and Al at 25,000feetaltitude

AirplaneA @ 6.0 41.5 2250 435 935 ~g g g
~.irl~e ill 36.7 5.5 41.5
1

~ 22 435 f3502750
Al h .92 .92 1.0 ● 1.0 .9 ●85 .89 1.0

Comparisonof.fiand Al at @,000 feet altitude—

AirplaneA m 6.0 41.5 1625 510 1700 LEO g- 125
.!.irDlaneAl 36.7 5.5 U.5 2100 510 1560 @oo 125
AJA .92 .92 1.0 1.? 1.0 .92 .& .87 1.0

,. . . —
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qhe effect of designin~ for a 100&pound lighter loa~. -

AZrplane A2 is obtained by des&n!ng airplane A for a load

100C polu:~s less than the original daslgn. This gives ail

ai~plane similar to airplane Al except that the struc?mral

weigh k 1s less. From tk.edata of figure 7 we ahtain

W = 10,609, S = 30C, R= 5.75. The f’ollowtng te.klesl!~t

tiledata on eir~l~rle~ A and A2.

Co~:arieouof A and J%2at sea level .

Cczqwrison~f A end & at 15,0@5feetaltitude

l.ir?bne.? 4.0 6.0 111.5 2250 1435 935 2f?5a lL3 68
Air~ue + 35 5.3 L1.5 3009 U5 815 1750 37 68
A2L. ● 88 .68 1.0 1.33 1.0 .88 .78 .& 1.0



-15-

The effect of’change in design power loadln~. - This———

section shows the eff’ectof designing an a,lrp.lanefor a lower.

power loading with the same wing loading. Airplane A3, the

airplane used here for an examp~e, is obtained by designing

airplane A for a load 1000 pounds less than”normal and tinen

decreasirqq the wing area (and

until the whg lGading is the

From figure 7 we can estimate

The following tables list the

hence the structural weight)

same as that of airplane A.

K’= 10,400, S = 260, R = 5.75.

detaila of airplrinesA and A3.

Comparisonof A and A3 at sea level
—

AirplaneA 4.0 6.0 41.5 1270 3075 355 @~ 58o 19.2 31
Air laneA3 40

J

5.2 38,6 lop
1.22 %03 %0 530.9517::3?.32

3750
AA 1.0 .07 .89 .84

Comparisonof A end A3 at 15,000feetaltitude

AirplaneA 40 6.0 lil●5 2&25 4G0 6p 1025 28 49
Air laneh3 40

J

5.2 36.6
~ 24‘0

3250 670 950 25.5 65
A A 1.0 .87 .09 ● 1.03 1.0 .$11 .91 1.32

.
Comparisonof A and-A3at 25,000feetaltitude

Air@ne A @ 6.0 lQ.5 2250 435 935 22 0
Air lanciA3 @

d.

5:;7 38.6 ,29 4y,03 93;ao2Z0,W %m; ;mx -290o
A A 1.0 .89.,

Comparisonof A andA~ at 40,000feet altitude

AirpleneA 40 6.o U.5 l@5 “ 510 1700 4750 125

/

:irAlaneAZ 4; o 5:;738.6 2200 %5 lpo 4100 E 150
● .& 1-35 1.03 LC .87 .87 1.2

. .



. .

-:16 -

The effect of design wing loadinp. - To show the effect

7

I I
—

. t I

Comparisonof A and A~~at 15,000feet altitude

-4ir@aneA 40 6.0. 1+1.5“
Airclanel.~35 6.1 44.i?
-441A .881.02 1.09

‘:;=@ ‘** ‘m
Comparisono: A and Ah at 25,000feeteltitqmle

1 [ I . 1 I

Comparisol~of A and Ah at h0,000feet

.Urplane.Al+o 6.0 41.5 .1625 510
Air laneh~ 35
J

&l 44.8 1750 495
AA .881.02 1.o8 1.08 .96

1

49
36
.74

altitude

Tmz
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CONCLUSIONS “

- .< ‘--l-.” Take-off distance”Is adversely affected by increased

~

. power loading or wing loading.

2. Rate of cllmb Is Increastidby a decrease in the power

loading of the airplane. The effect of wing loading is

negitglble at sea level, but ktflkLt wing loadings are advan-

tageous at high altitudes.

3. The maxinum speed increases with wing loading and

decreases with power loadlnC In the norrml range of valueg used

for pursuit airplanes. The maxir.um speed of pursuit airplanes

IS almost unaffected by overloader.g.in the normal r~mge~

4. The mlnirmm rhdlus of steaclyturn at constant altitude

1s ad~’ersely affected by Incxmaed power loading or winC load-

i~ In the normal range encountered on modern pursuit airplanes.

5. The minimum rudi.usof accelerated turn increases with

w:ng loading. It is not affected by power loadin~.

6. The the to turn at constant altitude is adversely

affected by increased wing and power loading.

7. At hfgh forward spesd where the atleron deflection 1s

determined b~ the stick force, the rate of roll decreases with

forward velocity and wing area, For this condition the rate

of roll is unaffected b:~aspect ratio. At low forward speeds
, . .

whore the pilot can give the ailerons full deflection, the rate

.

. .. -- ,, . —...— —.



-18-

of roll increases with forward s~eed and decreases with wing

SF~,n. In this case low aspect ratio Is advantageous.

LanCle= Xemorial Aeronautical lXkoratory,
!T~tionalAdvisory Committee for Aeronautics,

Langley Field, Vs., Februaqy 6, 1943.
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APl?ZNDIXA
, . .

m +. .-. .. . .. . ““Airplane‘Characteristics -- .

Alrpl&ne &macter5stics change because of :.mprovements

in engines, materials, and aerodymunlc design. The airplanes

that form the basis Of the report represent presen% desi~n.

A stud~ of Information obtained trom the ilateriol Cczad

Liaison Office at Langley F’leldand from reljortson p’~su~t .

airplunes tested in the lW&’Lfull-scale tunnel led to t%a

on wing area, and also a fasela~e dr~g coefficient of O.OZ

based on frontal ~,rea. This gives CD
-+

=0.0110 - o.ol?’:-~

+ 0.08F +CJf
the sscond term representing a ca]rcction for

s e’rrRs
the wl~ area enclosed bT the fusc2aCe. The ho~sepower

thrust power,
‘jJ obtainable from the heated air laavlng tb.a

cowling, are calculated for the high-speed condition, but
‘j

Is neglected at all other speeds.

Since hiflh altltude operation required bi&gor. ducts and

more superchargl~ equlpnent, It Is nece;sary to ?.ncrease the

effective frontal area in the airplanes desiped for high

altitude. In.a similar manner it is necessary to chmlge the

propeller efflclenc~ and power required for cooling with
w

altitude. The follow%n~ table lists the simultaneous values

used.
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TAIYL!II - Pertinent Aesumptlons

F, ‘d “
Sq ft ~p Altitude “ ~cllmb %i@ speed” R

(ft) ~‘twn

23.5 0.0039V 00s0 0.85
23.5 l<.; 15,00:

5.’75
.0032V ,73 -22 ‘5591

24.0 “J?5 25,000 .0C21V .78 .G2
25.0 la5

5.75
40,000 ● Oolsv .78 .82 5.75

Coaling Power

Tne power required for engine cooli~ is estimated from

referer.ce~ with 50 percent extra fir-width for the calcula-

tions at 40,@O0 feet. Power for pumping air far the inter-

cooler is found from refe~er.ce~j. The total coolinq powsr

is tabulated above as Po. The thrust possibla frcn the hot

561V2
‘J = 25950T0+ V2

Fusela~e

It 1s asslmed that the effective cross section of the

fuiela~e is independent of the weight of tl.ealrpl.ane s:nce

the cross section will be

diameter and the altltude

to ● These items set the

to be little advantafl~jto
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Span Efflclercy ,

The span ef’t’lciencyfactor is assumed to be 0.8 for-fill

lift coefficients less than 1.5, thereafter decreasing linearly

to 0.6 at a lift coefficient of 2.5.

An aspect ratio

except thoso showing

Dnrlng take-off

{.spectHatio

of 5,75 is used -in all the calculations

the e~fect of aspect ratio.

Landing Gear

calculations the

caused by the lo~:eredlanding gear is

additional air drag

considered. I%e extra

drag IS ba~ed on tests indicatin~ that the draG of Eires

accolu~tsfor approximately ’70percent of the total landing-

flearuir drc.g. The airplanes ape considered as being

supported by 10-ply hi~>-pressure tires in which case the

tire frontal are~ and hence d.ra~will vary ns the airplane

weight. The dra~ can be expressed as ~{ = 1.3 x 10-7 ‘!/V2.

A value of rolli~ friction coefficient of 0.05 .i~ used;

this value is to be expected on fields with short Crass.

Propeller Efficiency and Thrust

Propeller oizes and efficiencies were investigated with

the help of reference 10 for 15,000, 25,000, and 40,000 feet

altitude with propellor tips operating at the speed of sound

In the high-speed condition. In order to keep the tYends in

performance correct it is docit!edto vary propellGr officlency

with altitude and speed in a manner to be expected for
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P small d%ameter and high ttp2CC10-horsepower ~ropellers 0.

~P~~~” The values used for the efflclenc~ are llsted In

tahlg 1. Since the calculations for turning are at a low

~pced, it is a~sumed that the efficiency varies directly with

cyeed up ta tlhenaxinum efticisncy.
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APPENDIX B

. . . .. -..-.,..-,
PERFORMANCE CArL(X!LATTONS- - . ,

Take-off Rup

Take-off run Is considered as the distance required for

the airplane to accelerate to a speed at.wkich it can leave

the ground with a llft coefficient of 1.0. The propeller

designed for use at 15,000 feet is used in the taJce-off

calculations because It gives results that will be more con-

servative than the propellers designed far hl.ghar altitude.

The thrust for the propeller is matched closely up to S00 feet

per second by the curve:

at sea level the

and at 5000 feet

the sumnation of

~=T
o-

~ \-2

thrust is taken as T = 51C0 - 0.0175 V2

altitude T!= 4470 - 0.0154 V2. ~quatlng

the forces to the mass times the acceleration

T- @7-92 scDo-~=3

-4 + 0.08F
where p is taken as 0.05, CDO = 0.0110 - 0.017s —

s’

%= 1.3 x 10-7 W v~. Integratlr~ and solving for the

distance required we have an equation of the form

= K6 (1.15)
s 10810

1
K5 K5 V2

1 -~
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where

K4= To- 0.05W, KS = (-0.0110S “+ 0.017S~ - 1.88) ~ - 1.3 XIO-%=KJ

p~~ure 2 19 plotted for the case of all airplsnes beinn

flcient speed foimthe tcke-off. Points on the flraphare

obtained by substituting the carrespondimg

S In the above equations.

Rate of C12mb

An investigation of the horsepower available and horsep-

ower required shows tkw.tLhe rate of climb at raximum L/Ii

and the maximun rate of climb are verp nearly the sams for

all sirplanes and hence all rates of climb are calculated in

t~~ena~im-~ L/D condition by use of the followi~ equations.

.~qdatlng the horsepower available with that required

Vpc

33CO0 ~Pc
v= = W
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Suhstltutlng
~2 = CL2

and solving for ?7
...... . .... ,ZS2q12emR ~....,-., .... .. .. ..

J. [ (~P-P”+Pj)
1

~]= eTrR3q 2 550
1

1

0’.0110S+ 0.0170S2 - 0.08F’
qlv -

~ubstltuting various vclues of S for each value of V we

obtain curves of constant veiocity as in figure 4. “

The values of q are obtair.ddfrom a chart showing the

dynsmtc pres~ure corrected for compressibility as a function

of altflnlde ar.d speed. In the absence of a chart of this

type, the dymmic pres~ure can be calculated b~ the relation

ql =; P’F(l+; F+...)

Hinimfi Radius of Steady Turn and Hinirnun Radius

of Accelerated Turn

!?he maneuver designated in this report as ninixmxm radius

af stecLd7 turn ic the nlnimw. radius of turn that the airplanest
\

can make without chanflir.g their altitude or speeds. Equating

?owers

If we have the vertical component of the lift equal to

the weig>t of the airplane, the horizontal component ~ives an

acceleration toward the center of the turning circle.
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It follows that . .

Substitutl~ a Given value of W and S we obtain a value

of V and r for each CL value used. If we plot r

versug V far an airplane, the minir.mm ordinate of the curve

represents tk~eminimum radius of turn.

The equations used can be differentiated and solved for

the ~inimi~ radius but the assumptions are such that four

formulas of considerable complexity are required for each

altitl~i!e, each applying

ar,d velocities.

?or airrlanes in a

be Simplified to r = ~

to some range of lift coefficients

vertical bank, the above formula can

2
EPc~a~

:!irli.mm The to Turn

In.fincling the minimum time to turn, the calculations

are made for a turn of 360°. The time for turnin~ smaller

angles can be found by “nultlplying the time indicated on the

cherts by the cor~esponding fraction of a co.npleteturn.

Clven that

t = 2Trz’
y

we see that the time to turn is a minimum when

This corresponds to the Faint of tangency of a

orl~in to the curve of r versus V from the

$ is n minimum.

line from the

preceding part.
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Obvlously the line from the origin becomes tangent to
.

‘.

r

.

. . . ..
the c&v6 of r ve’rsus V at a-highe”r-gpeed than the mln.tium

.

point of the curve, hence ths minimum time to turn 1s always

at a hfgker speed than themspeed for minimum radius of turn

except where both maneuvers occur at the stall.

The Effect of Aspect Ratio

An example (airplane A: vi/P= 6, W/S = 40, R = 5.75)

is chosen for an lnvesti~ation of the effect of varyi~~ the

aspect ratio on performance. The equations used are similar

to theme already given except that considerable slmpltficatlon

of the fornulas can be made. Wing area is assumed ccnstant

but wo3Ght and hance power loadlng and wing loading vary as

~alculated by the f’o~,lulag under the headi~, tiei~htVariation.

The Effect of Wing Loading

Airplane A has its

constant at R = 5.75.

by the weight variation

spending performance Is

wtng area varied, lceeplngaspect ratio

Using the new weights as calculated

formulas, the wing loading and corre-

computed by previous methods.

Weight Variation

that the welp>t of the wing can be calculated

formula,

W - 0.75(U2) - 0.5(V~3) . .

. . -

—
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the alighting gear’, Is taken.as 0.08W; W5, the dlstrib- “

ioad, 1s considered as 1800 pounds for 2000-horsepower

p:usuit airplanes; K Is assumed to be 100,C)OO; t, the .

wing thickness ratio, 2s taken as 0.16; f, the ultimate
.

load factor, is 12.

It is assumed that the wei~ht of the tail Is 13 percent

of the wei~~t of the wing, and the fuselage is 10 percent of

the press we:ght. ThcI“internal concentrated loads of the

aflrplaneare considered as

airplane

W = O.1OW + O.OE!W

or

0.82 % = l.lsi!~ + WA +

but

w~. Combining the parts of the

h’3 (1)

V;l = J:- 0.75(0.081-/)- 0,5(1800) = 0.94W - 900
(2)

“1OOOOO X 0.16 + ~ 1333*3 + 1
~

~2R# $ ~2 ~z

Substituting (2) in (1):



In plotting the results, W5 is substituted for W4 + W3

h “are ‘plotted dn Co”ordinate’sof
=.

tindcurves of consta’nt““

w ~
P

T
versus

s
and R.

Confirmation of Valldlty of Wing Weight Formula

It Is desirable to SHOW that the wing weight formula is

sufficiently accurate for use In this report. For this

purpose it can be used in the form:

W1 = ‘1 - 0.75(W2) - 0.5(W3)

100000 t

8
1

fRSZ
.

The dmtn from certain actual airplanes are tabulated below:

(1) (2) (3) (4) (5) (6) (7) (8) (9) (lo) (11)

Air- W v/2 W3 f t R S WI WI
plane w

(:::::; (Actual) (10)

P39D 7620 307 9?9 12 0.15 5.42 213 8?7 931 0.94
P40F 8523 500 890 12 .15 5.90 236 1152 1128 1.02
P43 7285 775 116 12 .16 5.79 224 902 958 ● 94
P47D 13220 1116 1806 12 .16 5.61 300 1689 1533 1.10
P51 7967 648 485 12 .14 5.82 236 1111 1070 1.04

The relative error seems as small as can be expected in view

of the different types of structures, airfoil shapes, and

cutouts.

Maximtun Rolling Velocity

. In calculati~ the rate of roll of.pursuit airplanes,

“two cases are considered: (a) airplanes rollin~ with maximum

aileron deflection, (b) airPlanes rolling with a 30-pound

stick force.
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*
Tn the f’lrst case ~V = K. For one of the b~st pursuit air-

plmes in present production R = 0,084. Substituting

pfxL and V v
= g, =

lt30
— in ovder to obtain the units

mph 1 ● 467
desir~d the formula as used becomes: pf = 14.12 ~.

In the second case it is realized that the rnte of roll

vrfth constant stick force is crltlcall~ dependent on the

percent aerod’ynmlc balance of the ailerons and that this

defireeof balance 1~ different for different airplanes, a

representative airplane known to have light controls IS chosen

as a basis for the calculat?.on of the rate of roll at constant

Kst:ck force. The rolling veloclty can be stated as p? = ——
pb4V

far sinilar airplanes. Fron the.perfarrance of the airplane

used a~ a stmdard, K Is calculated to be K = 130,200,000.

Substituting this value In the

88740000
~its ‘Vehave P’ = —G

Pb4 Vnph

above equation and chan@ng

.
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A.PPENDIX C

DISCUS31ON OF THZ LIMITATIONS AND COORDINATIK3 OF.CHART:

Take-off Run .

The take-off run is largely dependent on the handling

of the controls of the airplane, and varies considerably for

different “pilots. By assuming a systematic handling of the

controls we get a reasonable distance required for take-off

and the curves

airplanes take

There are

show the trends to be expected when all the

uff at a lift coefficient of 1.0.

Rate of Climb

several factors leading to the selection of

climbing at the attitude for maximum L/D ● If each airplane

had to be Investigated as to the horsepower available and the

horsepower required at several speeds, the work would be

unnecessarily Involved h finding the maximum rates of climb.

Consequently some systematic variation of climbing speeds is

desirable. i’orall

the rate of cllmb at

the maxlxmm possible

the practical

maximum L/D

rate””ofclimb.

airplanes on the charts,

Is approximately equal to

The assumption of relatively high propeller efficiencies

in the climb condltlon is justified

speeds while flying at maximum L/D

High Speeds

The actual values of speed are

since most of the forward

are high.

dependent upon the

assumptions of drag, aspect ratio, propeller efflclency, and



=32-

altitude but the curVes should prove useful In showing the

performance obtainable in new designs, and In showing the

gains in speed that can be obtained In existing designs by

changes in wei~ht, power, wfng area, or altitude.

“kinimum Radius of Turn

The conditions for steady turnin~ are that the airplanes

shall not stall, chance their altitudes, speeds, or require

more power than that available. For most of the llght-weiCht

airplanes, particularly at low altitudes, -the mininnm radius

of steady turn occurs close to the stall. Wherever needed

it is assuned” that flaps can be used”with optimum deflections.

The maximum lift coefficient with flaps defl.ccted fully is

taken as 2.5.

The minimum radlua df accelerated turn occurs in a

vdrtical bank and momentarily the pilot can lose altltude

or use up part of the kinetic energy of the airplane to

increase effectively the power available for the maneuver.

This makes the radius of turn a function of only C%ax,

Ps and W/S, so the steady turn charts can be used to

Cive the minimum radius of accelerated turn by using the

correct wing loading for the airplanes but a power loading

of zero.

Minimum

T~-e s=~e as~umpt~ons used

calculations also apply to the

Time to Turn

for the mininum radius of turn

calculations for ninimum time
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to turn. As a whole the speeds involved are slightly Mghers

propeller.efficiencies are.,.htgher,.@nd.lLft coefficients are

slightly lower at the speeds for minimum time to turn.

The Effect of Aspect Ratio

A particular airplane (airplane A: vf/P= 6, VJ/S= 40,

R = 5.75) 1s chosen for further investigation of the effect

of changing the aspect ratio on all the performance. Thla

method of investigating aspect ratios must not be considered

sufflciont for final selection of the desired aspect ratio.

For instance, the airplane considered above may be the most

desirable airplane for a specific ~ission at 25,000 feet, and

by varying the aspect ratio, keeping wtng area constant, we

may be able to improve the performance; howovar, the original

values of power loadinG and wing loading do not apply to the

new airplane since the structural weight has changed.

Figures 9 to 14 allow for the variation in structural w~ight,

and these show tho performance to be axpected. J

The Effect of Wing Loading

Airplane A is again chosen to show what happens to the

performance of an airplane when the wing loadlng is varied by

changing. the wing area, allowing for the change in structural

weights, keeping the aspect ratio equal to 5.75. .Figure 7

is extremely important In that it may modify considerably the

conclusions drawn from the other figures.

Important because it gives a rapid method

Its use is also

of estimating the

.

A
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avcilable wing and power IoAdingk of’

eertati ratio

The only

of internal weights to

an airplane having a

horkepow”er.

Coordinate System -

coordinate system Tequirhg an explanation is

one uzing power loadlng as the ordinate and vtig loading as

the abscissa. These generalized coordinates” allow the

superposition of the chart? to form Q composite chart to be

used for airplanes of all different powers and sizes. The

performance esthated from the charts checks flight tests of

actual airplanes very well except for the rate-of-roll curves;

many airplanes do not have sufficient aerodynamic bala”nce to

allow the desired aileron deflection at hig!h speeds ta attain

the rolling

on the size

loadlnfland

velocities shown. The rate of’roll Is dependent.

of the airplanes rather than on power and wing

Is not included on the latter coordinates because

the chart would have to be llnlt~d to one definite power.

The foregoing discussion gives the uses and limitations

of the charts. The use of the charts is the presentation

of airplane Relectlon in a reamer which shows the “actual

compromises being made. Airplane designers will probably

have other assumptions they would prefer for bulld~ng charts

of their own; they ccinuse the included formulas”to adapt

th~ charts to their use, or can trscweight-variation curves

of their own vith the given selection charts provided the

aspect ratio of the airplanes under consideration is e~sentially

the same as that used In the charts.
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